In this paper, we examine the effect of the adoption of Electronic Medical Records (EMR) systems to neighboring hospitals. We find that although EMR systems increases the operational costs for adopting hospitals, it has significant spillover effects by reducing the health care costs of the other hospitals in the same region (possibly due to patient mobility and better care that is provided by these systems). These regional externalities are stronger especially in the long term. Our results provide support to the role of EMR investments in reducing overall health care costs. Estimates, based on our results, suggest that EMR investments can lead to net reduction in national health care cost by about $47 billion dollars over 4 years.
2000; Borzekowski 2009; Buntin et al. 2011; Chaudhry et al. 2006; McCullough et al. 2013; Miller et al. 2009 ). In other words, EMR investments can benefit the patients through increased care quality. However, the evidence on the relationship between EMR adoption and health care costs is limited and characterized by mixed results with both negative (Athey et al. 2000; Hillestad et al. 2005 ) and positive correlations (Agha 2013; Borzekowski 2009; Dranove et al. 2012) . Overall, it is not clear whether and how improvements achieved in health care quality with EMR adoption lead to lower costs of providing care. These findings not only question the effectiveness of EMRs as a way of reducing health care costs, but also suggest that hospitals may not be able to fully internalize the benefits from improvements in health care quality from their EMR adoption, which can lead to insufficient incentive to further invest in health IT.
In this paper, we argue that some benefits of EMR adoption might not be internalized by EMR adopting hospitals but are realized in the form of spillover effects to other hospitals, in addition to improved care for patients. Most of the literature focuses on the impact of EMRs at the hospital level. While studying within-hospital impact is important as it affects the adopting hospitals' incentive to invest in EMR, a decision or policy made based entirely on a hospital-level analyses can be misleading if the impact goes beyond adopting hospitals.
To address this void, we analyze the spillover effects of EMR adoption of each hospital on the costs of neighboring hospitals in the same Health Service Area (HSA). We argue that although the adoption of IT systems is known to increase the operational cost of firms due to the training that needs to be undertaken, there can be spillover effects to neighboring hospitals that are able to benefit due to the increased level of care and better medical records that are provided at the adopting hospital. With this we seek to study:
1. Does EMR adoption create regional spillover effects by reducing health care costs of other hospitals in the same region? What is the degree of the spillover effects?
2. What factors (such as the type of IT system and the number of years after the EMR system has been adopted) affect the strength of spillover effects?
Our findings indicate that while EMR adoption increases operational costs for the adopting hospital itself for the initial year, it significantly decreases the total costs of the other hospitals in the same HSA in the subsequent years. These findings provide evidence for the cross-hospital externality and show that EMR adoption, while costly for the adopting hospitals as they incur high expenditures, can lead to cost reduction for other hospitals in the area through patient sharing, especially in the long-run. Based on back of the envelope calculations, EMR investments can lead to net reduction in national health care cost by about $47 billion dollars over 4 years
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Background Literature
Several studies analyzed the effects of EMR adoption on health care quality. Systematic reviews of the literature indicate that majority of the studies found positive results of the adoption of EMRs (Buntin et al. 2011) . Others concluded that EMRs lead to increased adherence to guideline-based care, enhanced surveillance and monitoring and decreased medication errors (Chaudhry et al. 2006) . A wide body of literature has found that EMRs can improve care performance and patient outcomes (Athey et al. 2000; Borzekowski 2009) , with a few studies suggesting negligible impacts (Agha 2013) . Studies have also argued that EMRs may help hospitals coordinate care especially for complex cases in which patients require regular assistance between different departments (McCullough et al. 2013) . Overall, these results suggest that patients do benefit from EMR investments with higher quality care.
For hospitals adopting EMR, an important concern is whether these investments help reduce health care costs-a major concern for both hospitals and the society. The adoption of EMR technologies is expensive with the typical installation costs ranging between $3 million for a 250-bed hospital and $7.9 million for a 500-bed hospital and corresponding operating costs ranging between $700,000 to $1.35 million (CBO 2008) . The evidence on the relationship between EMR adoption and health care costs is more scarce and characterized by inconclusive conflicting results. Hillestad et al. (2005) use results from previous studies and extrapolates the potential cost savings of EMRs net of adoption costs. They estimate that if 90 percent of the US hospitals adopt EMR, potential savings could add up to $80 billion over fifteen years. Recent studies that evaluate more comprehensive set of EMR systems at the hospital level found that EMR adoption increases operational costs (Agha 2013; Dranove et al. 2012) . In other words, it is not clear whether and how previously discussed improvements in health care quality from EMR adoption translate into reduced costs. The evidence has been divided on whether these technologies compensate their initial large implementation costs. These results suggest that hospitals may not be able to fully internalize the benefits of improvements in health care quality due to EMR adoption, indicating potential incentive issues regarding EMR adoption.
Previous studies have focused solely on hospital level effects of EMRs, however, due to cross-hospital externality arising from shared patients, hospital-level effect may underestimate the benefits of EMR, leading to a potentially insufficient investment from society's point of view. There can be geographical network externalities exceeding the hospital level impacts due to spillovers at the regional level. There is a long stream of economics literature on externalities starting with Katz et al. 1985 . Several IT investments are also subject to positive externality as documented in the literature (e.g. Katz et al. 1985; Markus et al. 2006; Zhu et al. 2006) . Moreover, IS research documents IT spillover effects through several mechanisms such as labor mobility, customers and inter-industry transactions (Chang et al. 2012; Cheng et al. 2007; Cheng et al. 2012 ).
Current spillover effects of EMR adoption on regional health care costs
There are two forces for the potential impacts of EMR adoption on operational costs for the adopting hospital. First, EMR investments are usually expensive, and therefore will directly increase the costs, especially in the current period. EMR adoption can also increase the future cost levels, as these systems have significant maintenance and update costs (CBO 2008) . On the other hand, these technologies can introduce several improvements in care quality that can in turn lead to reduced costs. EMR applications are found to increase health care quality by enabling better diagnostics and decision-making tools for physicians, and better patient control and tracking.
Hospitals are often connected to each other through sharing patients, because patients may be examined/treated in or admitted to different hospitals (at different time) in the same region (Huang et al. 2010; Lee et al. 2011; McCullough et al. 2013) . Patient sharing usually happens through two channels: direct sharing where a patient is referred from one hospital to another, and indirect sharing where a patient is admitted to another hospital after a certain time without referral from the first hospital. Lee et al. (2011) conduct a detailed social network analysis of hospitals in the Orange County, California, and they find that 87% hospitals share patients. With the same data, Huang et al. (2010) find that 94% of the inter-hospital patient sharing happens indirectly, meaning initiated by the patient without a referral between hospitals. These studies find significant effects of patient sharing on hospital outcomes such as infectious disease spread and control, patient education and prevention programs.
We expect this patient mobility to create spillover effects via two main mechanisms: First, better diagnostics and care quality received in one hospital can improve patient health at the time of admission to another hospital. Second, information sharing can decrease unnecessary tests, imaging and procedures. For example, let's consider a cancer patient who is diagnosed and treated at Hospital A for a certain amount of time, and this hospital is equipped with advanced EMR systems that enable an accurate diagnosis and high quality care for the patient, as well as electronic records for her history. When this patient transfers to Hospital B, either directly by a referral or indirectly for other reasons, this transfer might reflect in the costs of Hospital B. First, the patient can be in a better health condition at the time of admittance to Hospital B because of the high-quality diagnosis and care she received in Hospital A, and this can reduce the care costs for Hospital B. Second, if the some information and records are transferred to Hospital B (by the patient or between hospitals), Hospital B will not incur costs of series of tests and imaging that have already been done. The adoption of EMR systems does not directly lead to a seamless electronic exchange of information between hospitals even if they adopt the same software system for EMRs. For this to occur, hospitals need to implement a Health Information Exchange (HIE). However, better record keeping by one hospital enables an easier transfer a data to neighboring hospitals via patients even in the absence of hospitals adopting HIEs. Additionally, hospitals making Electronic Health Records (which are subsets of EMRs) available to their patients would strengthen our results, as Electronic Health Records are more transferable between hospitals and can be monitored by the patient as well.
In sum, these two mechanisms, improved patient health due to EMRs and information sharing (via patient or between hospitals), create spillover effects to different hospitals in a region through shared patients. We argue hospitals that are located in the same region can affect each other's cost combining the network externality theory and evidence from medicine and healthcare literatures. Particularly, we hypothesize the spillover effects as follows:
H1: EMR adoption in one hospital leads to lower operation costs at other hospitals in the same region.
Lagged spillover effects of EMR adoption on regional health care costs
There is reason to believe that the benefits resulting from EMR adoption may take time to be realized. An impressive body of literature on positive returns of IT on productivity and output indicates that returns of IT are generally larger over the long term (e.g. Brynjolfsson et al. 2003; Devaraj et al. 2003; Peffers et al. 1996) . There are several theoretical reasons for lagged returns of IT investments. First, organizations do not simply adopt IT and enjoy benefits-they go through a challenging process of changing their existing processes and tasks (Bresnahan et al. 2002) . The benefits of IT are thus accompanied by large and timeconsuming investments in complementary processes and assets (Brynjolfsson et al. 2003; , and these improved complementary changes lead to larger returns from IT over time. In the context of EMR systems, Dranove et al. (2012) indeed show that the complementary resources and changes are essential for hospitals to be able to achieve cost reductions from EMR adoption.
Additionally, we expect the spillover impacts of EMR adoption on the other hospitals in the region to be stronger in the long-term as patients are more mobile across hospitals over time. Better diagnostics, improved patient tracking, lower medical errors and disease control and prevention enabled by EMRs are more likely to result into better health of patients in the future. Combined with increased patient sharing and mobility over time, there can be a stronger decrease in redundant testing longitudinally. We expect that, through these mechanisms, the spillover impact of IT on cost reduction will be stronger in the long term. Thus, we propose:
H2: Long-term spillover effects of EMR adoption on health care costs exceed current impacts.
Spillover effects by EMR application characteristics
EMR application type can affect the relationship between health IT and costs and therefore can have implications on government policies regarding the level of EMR investment that should be targeted. IT applications in general vary in purpose and scale and can have differential effects on outcomes, such as productivity. Health care literature makes a distinction between basic and advanced EMR applications (Dranove et al. 2012) . Basic EMR systems allow hospitals to replace paper forms and records with electronic copies. Technologies that enable different departments in the hospital to connect and exchange information with each other as well as allow physicians to code patient observation chart, and computer assisted diagnostics are known as advanced EMRs (HIMSS 2011). We adopt this conventional distinction and differentiate between regional spillover effects of basic and advanced EMR adoption on health care costs and examine these technologies separately to assess the differential impact they would have on spillover operational costs.
Data and Model Specification
We obtain hospital level EMR adoption information from the Healthcare Information and Management Systems Society (HIMSS) database. The database obtains information of hardware and software adoption for healthcare providers across the nation. The data is collected via a survey administered to the different hospitals. HIMSS database is used in several studies, as it is the most representative and detailed database for health IT adoption in the United States (some recent examples are Dranove et al. 2012 , McCullough et al. 2013 ).
To measure the spillover effects, we consider hospitals that are in the same Health Service Areas (HSA) as a network. HSAs are the nationally legislated local health care markets for hospital care that are created for health planning purposes. An HSA is a collection of ZIP codes whose residents receive most of their hospitalizations from the hospitals in that area. A health service area can be a county, a large metropolitan city, a state, or some other geographical unit that meets the HSA criteria 1 . We choose HSA as a network since it is the most granular and well-defined health care market. The spillover effects can certainly go beyond the HSA, we can expect the overall spillover effect to be stronger when measurement is not limited to a HSA. Since HSA is the smallest meaningful market for hospital care, our estimates present a lower bound estimate of spillover effects compared to a case where patients are mobile beyond HSA. We also conducted analysis where the spillovers effects are calculated at the Hospital Referral Region and county levels, and results are qualitatively similar.
We 
Measuring EMR adoption
For the independent variable, we measure the change in the level of EMR adoption for each hospital for each particular year. There are five EMR applications reported in the HIMSS data: Clinical Data Repository, Clinical Decision Support System, Order Entry, Computerized Physician Order Entry, Physician Documentation. Table 1 summarizes the different EMR systems that we examine. We use the ratio of EMR applications present at the hospital to the total number of EMR applications (5 applications) as a measure of EMR adoption. This variable changes between 0 and 1, 1 indicating all the EMR applications are adopted. Table 2 presents the summary statistics for the EMR adoption measures as well as mean and standard deviations for main dependent, independent and control variables. 
Model Specification
Our main goal is to estimate the degree of spillover effects by which EMR adoption of a hospital affects the costs of other hospitals' in the same region. We measure the regional spillover effects at the HSA level, by calculating the total costs in the HSA except the focal hospital, which is our main dependent variable. To account for different sizes of hospitals, we standardize health operational costs by dividing the total operational costs by number of bed admittance days. Health care costs deflated to adjusted for price inflation. We use yearly EMR adoption as the key independent variable. We investigate how EMR adoption made by a hospital i, affects its own costs as well as costs of other hospitals from the same HSA h.
(1) Hospital level effect: ‫݃ܮ‬ ‫)ݐݏܥ(
where the dependent variable in equation (1) , ‫݃ܮ‬ ‫)ݐݏܥ(‬ ,௧ is the deflated operating cost per bed admittance days of hospital i at time t. The dependent variable in equation (2), ‫݃ܮ‬ ‫)ݐݏܥ(‬ ି,௧ is the deflated operating cost per bed admittance days of hospitals in health service area h at time t excluding the focal hospital i. 4 The independent variables are same between the two equations. The main independent variable of interest, ‫ܴܯܧ‬ ௧ is the level of EMR adoption at hospital i at time t, and ‫ܴܯܧ‬ ௧ିଵ is the EMR adoption level at hospital i at time t-1. In different specifications, we add further lagged values of EMR adoption levels. Additionally, we control for several hospital and regional characteristics that might influence the impact of EMR adoption on hospital's own cost and on the regional spillovers on other hospitals' costs. ܺ ௧ includes hospital level characteristics such as number of Medicare and Medicaid discharges, number of beds and number of employees. ܼ ௧ represents HSA level control demographics such as population, population density, race, age, and education. We further control for the ratio of high-tech establishments and number of major universities (top 100 universities) in the area as a measure of resources that are complementary for health IT. Additionally, hospital fixed effects (ߙ ) control for time invariant heterogeneity across different hospital characteristics. Year fixed effects (ߣ ௧ ) enable us to control for nation-wide shocks to the economy and health care system that are experienced by all health care providers. ݁ ௧ is the random error, which captures unobserved random factor that may have an effect on health care costs. In all specifications standard errors are clustered by hospital and year. Table 3 presents hospital level effects and spillover level effects of EMR adoption on costs levels. Panel A of Table 3 presents the hospital level effects. We find that EMR adoption is associated with higher costs at the hospital level in the current year, and do not have impact on costs in the subsequent years, consistent with other studies that use HIMSS data (Dranove et al. 2012) . Interestingly, we find that the coefficient of EMR adoption is negative and significant in the spillover equation starting from one-year lagged effects. That is, increase in EMR adoption in one hospital reduces the healthcare costs of other hospitals residing in the same HSA, indicating strong spillover effects over time. Hence, combing the results in Panel A and Panel B, there is evidence supporting H1 that, although the cost increases at the hospital that is making the EMR investment, this can lead to reduction in the costs of providing care for co-located hospitals. The results indicate that one standard deviation increase in EMR adoption in a hospital, leads to 1 percent increase in its own costs per admittance in the current year and not longitudinally. Similar standard deviation increase in change in EMR adoption in a hospital is associated with 1.3 percent decrease in the total costs per admittance of the other hospitals in the region after one year. The lagged effects remain significant up to four years. 
Results
Regional Spillover Effects of EMR Adoption
Effects of EMR Adoption by Technology Characteristics
We differentiate between basic EMR and advanced EMR applications. Table 4 presents estimated spillover level effects where EMR adoption is decomposed into basic EMR adoption and advanced EMR adoption. Results indicate that spillover effects are mainly driven by basic EMRs up to three years. Spillover effects of advanced EMRs become significant after four years, indicating longer time required to gain cost benefits from more advanced health IT applications. 
Discussion and Conclusion
In this study, we analyze the current and long-term regional spillover effects of EMR adoption on health care costs. We find evidence for positive externalities as EMR adoption leads to a decrease in the costs of the neighboring hospitals. We find evidence that it takes longer time to realize regional spillovers via advanced EMRs.
Public Policy Implications
Health care costs remain to be one of the most important policy outcomes and challenges in the US. Health IT has taken a significant role in US health care policy and it has been subject to a big debate. HICTECH Act devotes around $19 billion to provide incentives to health care providers for EMR adoption, and there have been an ongoing debate among policy makers whether the benefits of EMR investments compensate the costs. We provide evidence on regional level externalities of EMR adoption that goes beyond the hospital level. An increase in EMR adoption is associated with higher level of costs for the adopting hospital initially, however it leads to lower total costs for the other hospitals in the same HSA. Since the geographical level effects of EMR adoption can differ from hospital level effects, policy makers can provide incentives for hospitals designed to achieve an optimal outcome for the region. The benefits of EMR subsidies can be realized more over time as we find stronger lagged effects over time. These findings indicate that policy makers should account for both the spillover effects and the time effects and consider that expected benefits could be realized in other co-located hospitals and be observed in the long-term. Similarly, if we use the $19 billion of financial subsidies to health care providers by the HITECH Act as an investment measure, then it can potentially decrease health care costs by around $66 billion through regional spillovers, leading to a net benefit of $47 billion over four years.
